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Sxperiments are conducted on cascades oX four diffei 
ent types of blade sections, viz., one compressor rnd three 
turbine blrde sections at vorious inlet angles, under unifo] 
upstrecm and downstre.am conditions. For each setting of the 
solidity, stagger end inlet angle, the surface pressures 
are trppeb and a survey is made at ha,lf-chord dov/nstream 
to the trailing edge, to obtain the downstream flow conditic 
Stall la nits are established and the optimum operating 
conditions axe selected based on a compromise betv/een the 1( 
and the deflection in all possible cases. 

Boinidary layer measurements are talcen at the traili 
edge plane, to obtain the profile losses, in the case of 
unseparated flovVs. In the case of separated flows the point 
of Bepa.ra,tion is located approximately and the freestream , 
velocity corresponding to the separation pome is measured# 

In all the C'-ses, corresponding to zero incidence, 
theoretical calculations are made for the 2-3 potential flc 
velocity distributions and profile loss coefficients. Ihe ■ 
theoretical results are compared v/ith the experimental va3 


I 



GHiPTER I 


I ITTRODUCglO R 

In an axial flov/ turbonachine, if the blades are 
relativ'^ly short in the radial direction, the cha,nge in the 
radius of a particle passing through a blade row can be 
assuj'ied to be small. If the blades are bounded by the cylir 
drical walls, the cylindrical flovvr thus can be studied by 
stretching the ro'-’ of blades into an infinite plane, known 
as the cascade of airfoils. Hence, the theoretical calcula- 
tions and experimental correlations made on such cascades 
can bo used in the design calculations of the turbomachines 
with reasonable accuracy, though the complexity of the acti 
3-D flow IS not solved. A number of theoretical methods wei 
developed besides tSiponmentnl techniques to obtain perfed 
correlations between the geometric parameters and the aeroc 
mic parameters. 

Results of the earlier tests on cascades with solic 
side-v/alls were not satisfactory and varied from tunnel-to: 

t 

tunnel. Ihe growth of the boundary- layer along the solid s! 
walls and its interaction v/ith the blade boundary- layer inj 

I 

duced 3-D effects. Experiments were conducted to determine 
the influence of the aspect ratio, boundary-layer control | 
by means of slots and pomote surfaces and tunnel end wall ' 
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upon tlic airfoils m cascades. It vees concluded 
tnui the disparity from the 2-D calculations v/^s comparatively 
!-■:> ser in the case of t^irbine cascades v^hen the tests \vere 
-inducted e,t aspect ratios >5. jlj. Numerous tests ere 
conducted by various worlcers; performance curves in the form 
' - G action characteristics and pressure distributions were 
pleated varying the ca-scade semngs and the inlet flow- 
conditions. [2, 3, 5 \» Ihe results were compared with 

"no a,va,ilable theory and the test techniques w/ere thus gradu- 
ally'- improved, 

A number of methods had been proposed to obtain the 
theoretical flow through cascades of airfoils (direct problem) 
cr to obtain a desirable airfoil shape (inverse problem) for 
the blade sections; including analytical methods using confor- 
mal incpping 1 6, 7j? graphical procedures jsl, singularity 
methods due to Schlichting J9l and other analogues, viz. 
Mechanical and Electrical |lOj, A simple unified approach to 
tlie direct and inverse problems of compressible flow past 
cascades was presented by Chung-Hua and Court is A. Brown jll|* 

Viscosity effects on the 2-1) cascade were studied to 
analyse the 2-D losses which were explained to be due to 
the formation of boundary-layers on the airfoil surfaces. 

Many theoifes had been put forward to calculate losses solving 
Yon-Earmann’s integral equation, for both laminar and turbulent 
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jl2, 13, The vclocicy distribution obtained by 

potenlial flow thoors'- v'as the starting point for all these 
methods to estimate losses. 

The aims of the present wor’: are as follows: 

(a) to obtain uniform upstream and downstream conditions 
at all angles of attack covering the region between the stall 
limit Ss 

(b) to obtain the surface pressure distributions along 
the chord for various configurations and to compare the 
pressure distributions at 'zero' incidence with those obtained 
theoretically, 

(c) to set-up stall limits and optimum operating conditions 
for all possible cases by drawing the deflection vs. losses, 
characteristic curves, 

(d) to measure the boundary layers at the trailing edge 
(for unseparated coses only) for the purpose of obtaining the 
profile losses and to compare with the losses at half-chord 
downstream, 

(e) to calculate the profile losses using the available 
theory to compare with those obtained experimentally. 

The tests are conducted 'on the available cascades of 
blades using the cascade tunnel of the Department of Aero*^ 
nautical Engineering. All the tests are conducted with solid 
end walls and at the aspect ratio of 3. ffiie potential flov/ 
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velocity distributions arc obtained by the channel flow 
technxcue outlined in Hcf, jUj. Profile losses, for both- 
separated and unseparated riov^s, calculated using boun- 

dary layer theory outlined in Ref. jl2, 13, Hj. 



CHAPTER 2 


E XPERIMMTAjL WORK 

2.1 General : 

The cascade tunnel of the department , fitted with 
the test section of 15" x 12” cross-section is used for the 
present experimentation. The wind tunnel is driven hy a 30 hp, 
constant speed motor and the shutter arrangement near the 
eye of the tunnel provides for the control of the air speed 
ranging from a minimum of 20 ft, /sec. to a maximum of 145 ft./ 
sec. 8,t 25°G and 28,04 of mercury. ' 

2.2 Details of Models and Test Section ; 

The series of tests was made on cascades with five 
blades. The cascade blades were fabricated from the seasoned 
Wood and were given a shellac finish. The profiles were of 
four inch chord and were shaped using templates. Pressure 
instrumentation v;as provided on the surface of the blades by 
burying hyperdermic tubing just below the surface and drilling 
static holes throu^ at the central position. 

The test section was made of plywood with a finished 
inner surface. Adjustable side vanes were fitted on to the 
sides of the test section and, tufts were fixed on the blade 
surfaces at regular intervals.; The position of the side vanes 
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relooivt to the end airfoils in cascac'^e was rlGtorinined such 

that the etfcct of the side vanes on the pressure distribution 
over the central airfoil was the least. The aluminium plates 
of 17 ” were turned and were positioned on the upper and 
lov'cr surfaces of the test section. The blades were fixed 
betv/een the plates and the angle of attack of the upstream 
was S'^t by rotating the upper disc. The stagger was set by 
rotating the blade through the required angle about the pivo- 
tal point fixed at the leading edge. All the tests were con- 
ducted at a constant aspect ratio of three and Reynolds numbers 
(bas cd on blade chord and upstream dynamic heed) ranging from 
2.5x1 0^ to 3.0x10^. 

2*3 Instrumentation : 

2.3.1 Upstream measurements ; 

Pine static holes v;ere driven on the upper disc at 
a distance of one chord length upstream to the line of leading 
edges, (Ref, 16) the unifona reading given by which was talcen 
as the upstream static head. The inlet angle measuring arrange- 
ment consisting of an yaw probe and a protractor, was fitted 
on the upper disc along the central line of the disc at a 
distance of half chord length upstream to the line of leading 
edges. pitot-tubc, for the upstream stagnation pressure 
measurement, was fitted on to the tunnel side w/all. The static 
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and sta/niation rccdinf:s //ore comparable with the readings 
obtained by the standard pirot-static tube \/ithin +_ 2/.. The 
sensitivity of the yaw probe is +0,1 units per 1° variation, 
the unit being ( Api/l-jco) ? Apl “ difference in the levels 
of the U-tube nanometer limbs and = the upstream dynamic 
head. 

2*3,2 Downstream me a surements : 

1 . combination probe (Pig, 2) v/a.s fitted for measuring 
the stagnation pressure, static pressure and che outlet angle 
at biic same point simultaneously. (Ref, 15). The readings of 
the static and staenation pressure tubes departed from the 
readings of the standard pitot-static tube only by +_ 1,57*, 
The sensitivity oC the yav/ probe is + 0,1 units per 1,5° 
change. The combination probe together with the protractor 
was mounted on the traverse which in turn ?/as fitted on the 
upper disc at 1/2 chord length downstream of the line of the 
trailing edges. (Ref. 16), 

2,3.3 Boundary-layer probes ; 

In the cases of unseparated flows the boundary layer 
sum^'ey was made in the plane of trailing edges on the central 
airfoil. The boundary- layer probe (Pig. 3) was used for this 
purpose, Kie static pressure was measured at 1/2** below the 
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poiiiu, V here the stagnation pressare was measured, after 
CO nf 11. 'irg that the difference bct¥/een the static pressure 
a.t the central plena and at the plane 1/2*' helov to that 
was I'limmum. Tho stagnation •'nd ste*.tic pressure readings were 
occnr-’tc within +_ 27 * relative to the standard pitot-static 
tube readings. 

In the case of the separated flo^vs it ^ as necessaxy 
to Ijcete chc point of separation. A pitot tube (Pig, 4 ) was 
use.’’ for the approximate location of the point of separa-tion, 

A traversing gear fitted with the micrometer (least 
count 0,001”) w?aB fixed to a plumncr block which in turn was 
mounLe.'’’ on the upper aluminium disc. The boundary layer probe 
V7as fitted to the traversing arrangement through rigid connec- 
tions so as to avoid any possible displ? cement of the probe 
Trora its position duo to xhe turbulence in the stream. 

Readings arross the boimdau'y-layer were taken using 
a projection manometer cf a magnification rafio 10s1. Multi- 
tube manometers were used for measuring the static pressures 
on the airfoil suiface and the yaw probe leads v/ere connected 
to the limbs of the ’U' - tube. 

2,4 Pbcporimental Procedure 

Before maJcing any measurements, the checks that were 
made include, (1) the uniformity of the flo?/ in the tunnel at 
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va:ci^ e planes? vi/., 3", 6" and 9” from the upper surface; 
(2a) the uniform ky cf upstreae static pressure reading, 

(2b) the uniforrriit 3 ’' of the c’ownstream readings across each 
channel? (to achieve the above menrioned uniform conditions 
the end vanes were adjusted for each inlet angle set-up) 
and (3) "^ny possible v/arping of the airfoils (checked using 
templates ). 

The upstream angle of attack was set by the upstream 
ya\'/ probe and the disc wa,s rotated until the manometer limbs 
showed equal reading approximately. The positions of the side 
vanes /ere adjust cd until uniform conditions v/erc achieved 
in the upstream and downstream and then the angle of attack 
Was set exactly. The upstream static and stagnation heads 
were read. Blade pressure distribution was measured at the 
mid-span position of the central airfoil at each angle of 
attack. Survey of the total pressure, outlet angle and static 
pressure were mode at a distance of 1/2 chord length down- 
stream to the line of leading edges. All the downstream 
measurements were made at 0.5” intervals across the pitch of 
the contral airfoil and were averaged to obtain the final 
value. 

Boundary-layer survey for the unseparated flows was 
made in an axial plane at a distance 0,95/. chord length 
from the line of leading edges. In the case of the separated 
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flo> s, the pitot- cube \/as braversei' along the chord for the 
required gradient char acxeri sing the point of separsxion. 

The frecstrean velocity herd at the point of separation nas 
ohxainsd fror,: the static pressure distribution curve couplod 
vvith the freestrean stagnation reading. 


2.5 Data Reduction; 


l.a) Pressiure coefficient (turbine blade) 


P-P, 


'Pt 


1/2 ¥2 


b) Pressure coefficient (compressor blade) 

P-P. 


pc 




1/2 T /^2 


2 . 


Loss 


- j 


CO efficient 

^o 1 ~ ^02 

1/2 ^ 


3. Coefficient for -i^Lcloerets criterion for stall; 

a = e. " ^mln. 

^o "* ^min. 


stall at a = 0,7 and onwards 
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P^, „ ‘ the mininuri static pressure alon£ che blade* 

inn. 

4. Contraction coefficient, 


Yif '' 

” ^ uOo , n 
0 = 

° Cos 


1 



OH.'J’TER 5 
THEORETI CAL TORE 

3 • Po tential El o ' ’ Oalculations 

The theoretical analysis of the potential flow in 
2-diiiiensions through cascades of airfoils concerns with two 
problons, viz., (1) the r'lrect problem and (2) the inverse 
problem. In the direct problon the geometry of the cascade 
and e characteristic vclocixy are given and the velocity 
are given and the velocity distribution on the surfaces is 
obtained. In the inverse problem the velocity distribution 
on the surfaces along with the upstream and downstream 
velocities is given and the corresponding geometry of the 
blade is obtained. 

Many methods are available for the solutions of 
both the problems depending upon the order of solidity, 
whether lov/ or hi^. Transformation methods developed in 
R.ef, {6j are more laborious and tine consuming because of 
the number of transformationsinvolved. Hodograph techniques 
suggested in Ref, j? | can be computarised but the accuracy 
is found to be limited to solidities less than 1.0. The 
singularity distribution methods due to H. Schlichting are 
suitable for thin airfoils with a small camber. Tbe proposed 
analogies (10) give a qualitative picture of the flow, but 
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arc not 3:ce(?.ily usoi'ul for the design of the hlrde surfaces, 
fhe roloicct-on methoJs |10| ore time consuming in view that 
the initisd approximations nay not be nearer to the correct 
values, Tho method suggested by R ef. {11| provides a solution 
for the direct and inverse problems, which is accurate enough 
in the cesc of incompressible flow and can be a starting value 
for the relaxation method to obtain a more accurate solution 
in the case of a compressible flow. In the present ^^'ork, method 
of Ref. 1 11 I is used to solve the direct problem for four types 
of blades in eascado. 

3 • 1 * 2 D etails of the method ; 

Calcul'^tion is made for the flow along a particular 
stream line (referen'^e line) in the channel, formed by two 
neighbouring blc,des, lo start with the mean stream line, 
which is obtained by taking the mean of the upper and lower 
surfev e coordinates of the blade in the tangentia,! direction, 
is taken as the reference line. Prom the given channel width 
distribution along the axial-direction, the velocity distri- 
bution along the line of reference is computed using the conti- 
nuity and the two -dimens ionaliry considerations. Partial deri- 
vatives along the tangential direction are obtained using 1die 
equations of motion and continuity. Streamlines are set-up 
on either side of the reference line using the Taylor series 
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and the final streamline thus obtarned on either side of the 
reference line matches with the given suction and pressure 

surfaces* In the case of any disparity between the final 
streamline and the surface beyond the specified limit, the 
position and/or the shape of the mean stream line is corrected. 

3*1.5 Assumptions made ; 

1. Plow is two-dimensional, incompressible and non-viscous* 

2* The axial velocity on the reference line closely follows 
the channel width ratio. 

3. The shape of the reference line closely follov/s the blade 
mean line. 

4. Kutta condition is neglected in view to be nore nearer to 
the real flow conditions, (because of the t,e. thickness.) 

3.1.4 F ixing the inlet and exit angles ; 

It IS observed that any changes in the shape of the refer- 
ence line at the entrance and exit to the channel are carried 
over to the central points thus effecting the flow calculations. 
As the comparisons are made with the experimental values, the 
inlet and exit line shapes are fixed as per the measured 
directions of the flow. In all the cases the inlet flow direc- 
tions correspond to the zero incidence, because it is at this 
angle of attack, the effects of induced flow are negligible, 
thus the difference between the measured flow direction (at a 
distance of one chord length upstream to the line of leading 
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edges) and the actual flov/ direction (right at the plane of 
the leading edges.) is less. 

3.1.5 Difficulties encountered : 

1. In some cases, it is found that the suhseciuent stream- 
lines obtained are not uniform, thus the further streamlines 
obtained are erroneous. In such cases the streamlines are 
smoothened using polynomial regression of the order two. 

2. When the inixial reference line is far from the actual 
line (dividing the mass flow into two halves) the divergence 

IS found to take place. In such cases a manual correction to 
the shape of and flov\f on the mean line is made. 

3.1.6 Mathematical relations : 

The tangential velocity, Wy. = tan where tan p 
is the slope of the streamline (2-D considerations). 

The successive terms of the Taylor series include the 
partial derivatives for extending the flow from the reference 
line. The details are given in Appendix ’A*. 
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and the other derivatives of other orders follo.v, Ihe total 
derivatives are calculated numerically using the central diff- 
erence formulae. All the velocity terms are non-dimensionalised 
with respect to the social velocity at the entrance fax off, 
and all the length terms are non-dimensionalised v^ith respect 
to the axial chord. 

The successive streamlines are obtained from the 
consideration of equal mass flow through each channel formed 
by two a-djacent streamlines, Ifess flow between streamline 1 and 
reference line is given by, 

1 

M/8 = t/8 h = / W h dy 


h : bla,de hei^t 

W^i : axial velocity at the entrance 
M : total mass flow 

using the non-dimensional quantities, 

1 W 

1/8 t/L = / —==2— d (y/L) 

ref, *'zi 

Knowing at any *y* from the Taylor’s series expansion we 
can get either the mass flow between two fixed streamlines or 
the coordinates for the required mass flow. 

In the present calculations only the first two terms 
of the series are taken for calculating the flow on the 
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succeeding streamlines. The pressure coefficient is calculated 
on the bo SIS of exit angle for turbine cascades and on the 
basis of inlet angle for the compressor cascades. The results 
are presented in the form of graphs (comparisons) and tables. 

3 « 2 Los s Calculations ; 

3*2.1 General : 

In a real flow through 2-D cascades boundary-layers 
develop both on the suction and pressure surfaces of the air- 
foils and form bla,de walce after leaving the trailing edge. As 
bhe v/eice moves downstream, a mixing takes plane between the 
wake 3 .nd the free stream and throu^ viscous action the tlavj 
becomes uniform at some distance behind the trailing edge. 

The 2-D losses are explained to be due to the formation of 
these boundary layers. 

The theoretical calculations of losses can be expressed 
in 2 stages, viz., (1) calculations of the potential flow 
pressure distributions on the blade surfaces and (2) calculation 
of the boundary layer parameters solving the integral equation 
by approximate theories using the above pressure distributions# 

3.2.2 Assumptions : 

(1 ) Boundary- layer is completely turbulent, 

(2) So far as the separation does not occur, the 



potential flow pressure distribution closely follows the 
actual pressure distribution. 


3.2.3 formu lae used ; 

The formula for the approximate calculation of the 
turbulent boundary-layer is due to ( E. T ruck enb rod t) - given 
in Ref, 1 14 I . 




(I—)' 

t .e. 


t 


Of 

(4) 


2±1 

n 


1 W. 


S 

o 


(=^) 

W 


3+2 

n 


Ce)] 


n/n+1 


W ; 


W 


t.e: 


11 


k 


— 


momentum thickness at the trailing edge, 

chosen reference velocity (downstream experimental 

value) 

velocity at the trailing edge. 


velocity distribution on the blade surface along the 
ax:i al-dir e c t io n 
frictional coefficient, 

0.074 R 


and n = 4 for R 


5 7 

10'^ to 10' . 


The loss coefficient is defined as, 
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^ot e. ~ 'to'ta.l pressure defect at t3ae trailing edge. 

Froni Appendix '3' the value of can be shown as, 

20 

t Oo? P2 

vi/here 0 i total momentum thickness at the trailing edge. 

In the present calculations ^2 ts token as the outlet angle 
mea.sured downstrecom. 

The method can be extended to separated flows also, 
provided that the separation has taken place in the regions 
nearer to the trailing edge. An additional momentum thickness, 

0 due to separation, is to be added to the total momentum 
thickness, *0’ at the trailing edge, 

W 2 

®sep = y L (,^) - 0.9 1 (Rrf.12) 

y^dA • half -pro file thickness at the separation point, 

: freestream velocity at the separation point. 

W. i velocity at the trailing edge. 

The boundary-layer profiles obtained by a survey at 
the trailing edge are presented for both suction and pressure 
surfaces. Ihe values of calculated and measured loss coefficien 
are plotted for the matching purposes. 



CHAPTER 4 

^SpXTS_ aFE DISOUSSIOIT S 

The effect of end vanes position reletive to the end 
blndes on the pressure distribution over the central blade 

of the cascade is shov.n in Fig, 5. It is observed that the 
effect is less as the gap between the end vanes andthe end 
blades is nore than 0,8 pitch length, in the case of the 
turbine blvide root c/s at |3^ = 45° and +15°; with uniform 
downstream readings. Similar investiga.tions on the other sets 
of blades for various configurations revealed that the minimum 
gap should be more than 0,8 pitch length. In the oxperimenta- 
tion, the gap was fixed to bo of one pitch length for the 
turbine blades and 0,8 pitch length for the compressor bla.des* 

Eig, 6 sets a limit on the ratio of (Cos p^/Cos 
for various configurations regarding the validity of the data* 
For a contraction coefficient less than 0.08 the limiting 
ra,tios are as under: 

Bl ade No, 4 (see Appendix *0*) 

(a) = 0° t/1 = 2. 5/4.0 ratio = 0,88 

Cb) ^ = -5° t/l = 2, 5/4.0 ratio = 0.86 

(c) >*= -15° t/i = 3. 0/4.0 ratio = 0.60 
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The ratios corresponding to tho configurations 

X = 0^ and ~5° v/ith t/L = 3. 0/4.0, varied little fron the 
ratios of configurations >s= 0^ and -5° v./ith t/L = 2. 5/4.0 
respi-ctively. In general, there is an increase in the contra- 
ction coefficient at high incidences and at regions near 
positive stall the contraction coefficients are beyond the 
plot dimensions. 

Similar curves in Fig. 7 set limits on (Cos 
ratios for turbine blade sections. For a contraction ratio 
of 0.20 the limiting ratios are ss under: 

(a) blrde no. 1 7^ = 15° t/L = 3. 0/4.0 ratio =1.0 

(b) blade no. 2 A= 15° t/L = 3. 0/4.0 ratio = 1.0 

(c) blade no. 3 15° t/L = 3.0/4.0 ratio = 0,98 

For the remaining configurations with the turbine 
blade sections the contraction coefficients exceed 0,20. In 
genera.l the contraction coefficient increases with incidence 
for turbine blade cascades also. 

Thus as seen from Figs. 6 and 7 the extent of two- 
dimensionality conditions attained in the tunnel test section 
for the compressor and turbine bl^de sections are upto 0,08 
contraction coefficient and 0,20 contraction coefficient 
respectively. 
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In Pigs. 8 to 11, stall limits are set up based on 

useful operating r^nge in all the cases. For the turbine 

blade sections at stagger angles lower than + 15° 5 no useful 

range of operation is found, indicating that the blades stalled 

at all the angles of attack. In the case of the compressor 

blade sections significant operating range is found for all 

the stagger angles, viz., 0°, -5° end -15°; thou^ bhe range 

o 

is not ''ider at -15 stagger comparatively. 

The effect of solidity variation from 4/2,5 to 4/5 
IS not significant either on the losses or on the useful 
opera.ting range (Fig, 8). Inlet angles corresponding to the 
stall limits can be obtained from Figs. 12 to 15 knovang the 
deflections from Figs, 8 to 11. Arrov>/ marks in Figs**' 8 to 15 
corre~pond to the stall limits. 

Satisfactory agreement of the theoretical and experi- 
mental pressure distributions corresponding to zero incidence 
IB observed in the case of the blade no, 4 at staggers of 0° 
and -5° with t/l ra,tio of 2, 5/4,0 a,nd 3,0/4»0| and in the case 
of the blades 1, 2 and 3 at /\ = 15 ° with t/L ratio of 3. 0/4.0, 
within the margin of experimental errors and the assumptions 
upon which the theory is based (Figs, 16 to 18), The disparity 
is found to be in the other cases and the reasons may be that; 

(a) at low stsgger angles, in the present blade 
configurations, the A.T.R, across the turbine cascade is far 
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frcm unity, and hence the flov\f is longer 2-diiiicnsional. 

(b) in the theoretical calculations the axial~ 
velocity IS taken to be the mean value of the upstream and 
dovmstream values, though the AYR is very high in the case 
of the turbine blades at low stagger angles, 

(c) with the decrease in the sta.gger angle local 
seporetion of the flovv has takren place in the divergent 
sector oC the convex surf<ace. 

In peneral, it is noted that the area of the theoretical 
loop IS greater than the area of the experimental loop. This 
implies that theoretical lift coefficient is greo.ter than the 
experimental lift coefficient. 

The effects of stall on the surface pressure distri- 
bution cen be observed from Pig. 19* The flattening of the 
pressure distribution curve, corresponding to the stalled 
position, in the regions of the trailing edge indicates that 
the flow has separated near the region of the trailing edge, 

Boundaiy layer profiles, ss measured at 0*95 chord of 
the blade section are represented in Pigs, 20 to 22. The pro- ! 

I 

files obtained on the concave surface are found to be more 
compaci: than the profiles on the convex surface. This may be , 

I 

because of the fa,ct that over the concave surface the flovv i 
near the trailing edge is always convergent. The profiles on I 
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the concr^vc surface are found to folio?/ the equation, 

W 

with the ve.luc of n between 2,5 to 3.0, 

6 = boundary layer thickness 

Momentum thiclcness on the concave surface is about l/3 
to l/5 of the momentum thickness on the convex surface 
(Sables 21 and 22). Hence, the main influence of the depende- 
nce the profile losses will be exerted by the losses on 
the convex surface of the profile. 



Profile losses, calculated, based on the boundary 
layer curves obtained at the trailing edge arc compared with 
the theoretical calculations in Pig. 24. She profile losses 
are found to be about half the total loss coefficients, obt?.- 
ined from the downstrcom survey, indicating that the mixing 
and secondary losses together are approximately of equal 
magnitude to the profile losses (Tables 21 and 22). 

Tho results of the direct problem are shown in 
Pigs. 25 to 34. In general, the following points are noted; 

(a) the mean-stream line is away from the blsde- 
mean-line towards the suction surface, 

(b) the error in the calculations is large on "the 
suction surface, 
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(c) the error in the calculations increa,sed. as the 
solidity decreased, 

(d) the error in the calculations is large at the 
edges , 

Conclusions 

1 , Unif om conditions are disturbed as the angle of 

attacic increased, 

2* In general the area of the theoretical pressure 

distribution curve is greater than the area of the 
experimental pressure distribution curve. 

3. Ihe useful opcri-.ting range increased with the increase 
of stagger in Lhc case of turbine blades and increase. L 
with the decj'onse of stagger in the case of compressOT- 
blades • 

4* Iho losses at half-choid downstream are found to bo 
about twice chc losses a.t the trailing edge. 

5 . !I)he losses on the suction surface are 3 to 5 times 
laoRger than the losses on the pressure surface. 
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SUGGESTIOrS FOR FURTHDR V^O RK 

A better agreement betv/een the theory end expcrimaat 
can bo achieved by adopting boundary layer control on the 
side v/olls and in the theoretical point of view, by recalcu- 
lating the velocities using relaxation techniques taking into 
consideration the compressibility effects also. The present 
values cm be taken as starting values for the relaxation 
techniques. 

m iterative scheme may be developed, to obtain better 
theoretical predictions, considering the circulation defect, 
(In the present v\?ork it is seen that the theoretical lift 
coefficient is greater than the experimental value.) 

Experiments ma,y be conducted for various combinations 
of Reynolds numbers, mach numbers and upstream turbulence 
levels. 

Experiments may be conducted to measure the induced 
angle, so as to obtain the actual angle of attack as against 
the angle of attack obtained by the yaw probe. 

With the above modifications both in the theory and 
experimentation a number of blade sections can be studied at 
various configurations and correlations can be established 
between the aerodynamic parameters and the geometric parame- 
ters of the cascades. 
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iJPPLNDiX 'a * (Ref. 1 1 1 ! ) 


The steady 2-I> flov/ of a non-viscous incompressible 
fluid is governed by the following equations of continuity 
and irrotrtionality; 


a\7 aw 

2 ^ = 

ay 


0 


( 1 ) 



aw,, 

0 

9 z 


( 2 ) 


Consider the gas flow along a stream line in the 
mid part of the channel. The coordinates of the stream line 
and their differenti-^ls are related by, 

S(z,y) = 0 (3) 

^ . dz + If dy = 0 ( 4 ) 

az 


following the motion of this stream line it is 
convenient to consider any quantity q on the stream line as 
a function of z only - i.e. 


q = q [ z, y(z) J 


dq dq 
dz az 


+ 


La 

9y 



( 5 ) 


( 6 ) 
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li 

9S 0 z _ - tan B 

0S 0y P 

Zi 

(7) 

hence, 

11 = If. If. tan p 

( 8 ) 

from (1 ) 5 

( 2 ) and ( 8 ) 



dY7 0¥^ 9\7 

4 - ^ "fean p = 0 

dz 9y 

(9) 

and 

dw aw m 

~ ^ tan p = 0 

( 10 ) 


from equations ( 7)9 (9) and (IO) the first partial derivatives 
can be 'vritten as, 

6W m dW P 

9W d¥ dY/’ P 


to obtain the second derivatives; differentiating ( 1 ) with 
respect to y, 


0^(W ) 
z 

0z 0y 


3V„) 

— /-= 0 

0y 


(13) 


from (8) and (13) 



32 


g S? 9 ^7 

““2^ tan p + “ (^) = 0 

9y ay 


. 917 

a / z 


(14) 


differentiating (z) with, respect to 'y' and using (8) 


d^w 

Z 

9y 


, 917 

dz 9y 


9 \ 

■ — ^ tan p 

dy 


(15) 


from (9)» (14) and (15) 


9y^ 


,917 , 817 P 

[tan p. ^ (g-y^) -* ^ (g^) ] Cos p 


(16) 


from (16) and (14) 


8y^ 


917 


9^v 


y 


t - nX~ ^ ^ 


8y‘ 


97/ 


917 


“to? + di ^5y^^ P ] Oos p 

(17) 
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APPENDIX (Ref, Jl7|) 


Phe total pressure for incompressible flow a^t some 
point in the boundary-layer is 

Pol = Pj. + 1/2 P (1) 

Where, the sabscript ^i* denotes the values at the point 
under consideration within the boundary layer, The total 
pressure in the freestream is, 

^ot.e. (2) 

Per an uniform discharge static pressure, the loss in 
total pressure at some point in the boundary-layer at the 
trailing edge is given by, 

APo:, = 1/2 -wj) (3) 


Integrating this loss across one blade passage at the 
trailing edge and weiring for flow, 


/ 


(Ap • ) 

V*-» 




dt = / 
0 


e 


(wf 

t ♦ e# 




( 4 ) 
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and 




ot .e, 


i Pc.) '-7,1 at 

-'z * 


I 2 ("t.e. - ’’1^ '^zl « 




( 5 ) 


Where AP » W are the average values of pressure loss and 
z 

axial velocity respectively. 

Now define the loss coefficient, ^ , as, 


Zip , 

1/2^^ ■t Cos^Pg 0 


5“ f (1- 


W? 


w 


w 


i ) -J^L dt 

' ^ w 


t * e • 


t .e. 


( 6 ) 


define the energy thickness as 


s 

V2 =?'-{ ('lie. -’‘i> 


Phis form follows directly from the consideration 
of the deficiency of kinetic energy of a stream of profile 
W referred to one of constant velocity W. • In particular, 

jL u-% 6# 

if Vf, is the mean outflow velocity and the integration 

t.e. 

IS carried over the pitch of the cascade, the continuity 
equation 

"fc "tj 

/ _ dy = / W, dy 


0 


"fc ♦ 6 ♦ 


( 8 ) 
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allows it to be written as 


0i 


t W 

f ^ 
0 


¥. 


"fc • 0 • 


[1 


¥. 2 


(-^— ) ] 

W, 

t.e. 


dy 


(9) 


where, represents the energy lost per unit breadth and 
unit time. 


Prom (6) end (9) 


'Y 


t.e. 

ir-^ — 


1 


9-, 


Cos^ p2 


t Cos^ P2 


( 10 ) 


If the energy lost is taken to be equal to the work 
done by the ahear forces, then, 


1 

2 



¥, dx 

U * 6* Q O 


using 7on Karman's integral equation, 


( 11 ) 


'/o 




dK 


■? 


(fi+2) 


d\7 


t.e. 


t.e. 


( 12 ) 


H = form factor = displacement thickness/momentum thickness 
-■q = shear stress at the wall 


Eqn, (12) can be vvritten as, 
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^1 = *t.e. ( CL- If 

O 0 * ^ 


D 


6.U 

d?< 


t.e 


5dx 


t ,e. 

(15) 


assurainf the velocity gradient to be negligible at the t.e*, 
the above equation can bo written as, 


1 

2 





(H) 


0^ = raomcntum thickness at the leading edge. 
e_ = momentum thiclaiess at the trailing edge. 

Prom l'’4) 

(j)^ I e = 2 

Prom (10) and (15), 

^ _ 20 

s Y *""5 

t Gos^ ^2 

where the outlet angle for the real flow. 


( 15 ) 


( 16 ) 
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APPENDIX C 

the FOLLO^tNc^ AIRFOILS AR€ TESTED IN c'AsrADLs AND TfiC DETAILS 
ARE UN OCR 

/Vil 1 AN^LE CAMBER ANCH E CHORD LEN&TH 


flt. A^’t 

NO ! 

5!^’ 

i»’t> s 

4 IN 

BLADE 

NO E 

co J ' 

Oo- c° 

4 IN 

.2 ^ A ;>^ 

V ’ J 

6' ' 

87 s'' 

4 IN 

b^adl 

A.r 4 

£! 5‘' 

St s” 

4- IN 


B^ADL^ / TE^rLD EUR VAR’UUL cOMB/NATfONS OF X- O p 

/5^ ~ ND PA7/CS OE . 5/4^ S O /4 O . tM ’TME 

CA$t Ef S^ApE NO 4 \ IS \Eij:iAr>\£ 



BLADE NO. 1 
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Tables 1 and p 
BL^JDE Kg. 1 


(Seo Appendix ’O’) 

Stagger = + 15° a = 0.659 t/L - 3. 0/4.0 

Reference Velocity = 41.59 m./sec. 


s.; 

. */, cho: 

Suciion Surface 

Pressure 

sur f ac e 

"pTH. 

^pEXP, 

Vh. 

Sexp. 

1 

0.1 

-1.005 

-1.003 

+ 0.717 

+0.662 

2 

0.2 

-1.505 

-1.208 

+0.749 

+0.719 

3 

0.3 

-1.075 

-1.144 

+0.781 

+0.798 

4 

0.4 

-0.705 

-0.743 

+0.758 

+0,846 

5 

0.5 

-0.555 

-0.498 

+ 0.748 

+0.797 

6 

0.6 

-0.465 

-0.355 

+0.698 

+0.739 

7 

0.7 

-0,345 

-0.305 

+0.596 

+0.654 

8 

0.8 

-0,255 

-0.193 

+0.526 

+0.556 

9 

0.9 

-0.003 

•^0# 077 

+0,412 

+0.367 

10 

1 .0 

+0.209 

-0.023 

+0.235 

+0,158 




BLaLE no . 3 (See 

Appendix 'O’) 


Stagger = 

+ 15° a 

= 0.681 t/L = 3. 0/4.0 




Reference Velocity = 41 

,39 n./sec. 


1 

0.1 

-1,105 

-0.878 

+ 0.516 

+0.641 

2 

0.2 

-1.849 

-1.401 

+0.467 

+0.691 

3 

0.3 

-0.905 

-1.310 

+0.688 

+0.847 

4 

0.4 

-0,692 

-1.186 

+0,664 

+0.827 

5 

0.5 

-0.535 

-1.100 

+0.621 

+ 0.808 

6 

0,6 

-0,540 

-0,772 

+0,558 

+0.748 

7 

0.7 

-0.570 

-0.533 

+0.510 

+0.639 

8 

0.8 

-0.559 

-0,425 

+0.459 

+0.526 

9 

0.9 

-0.575 

-0.242 

+0,342 

+0,341 

10 

1.0 

-0.438 

-0,087 

+0.419 

+ 0.088 
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TABLES 3 AI'TD 4 

BLADE Ho, 2 (See Appendix *G*) 

0 

stagger angle = 15 t/L = 3. 0/4*0 

Reference velocity = 41.012 n./sec. a = 0,634 


S.No. 

y, chord 

Sue 

tion surface 

Pressiire surface 



“^pEKP. 

^pTH. 

%EXP. 

1 

0.1 

-1.56 

-1.37 

4-0.65 

+0.59 

2 

0.2 

-1.94 

-1.75 

4-0,62 

+0. 65 

3 

0.3 

-1.27 

-1.17 

4-0.77 

+0.77 

4 

0 ♦ 4* 

-1.15 

-1 .10 

4-0,76 

10.72 

5 

0.5 

-0.50 

-0.40 

4-0.69 

+0.61 

6 

0.6 

-0.45 

-0.37 

-fO #60 

+0.55 

7 

0.7 

-0.37 

-0.27 

4-0.48 

+0.44 

8 

0.8 

-0.31 

-0.21 

4-0./! 1 

+0,37 

9 

0.9 

-0.08 

-0.12 

4-0.29 

+ 0,19 

10 

1.0 

4*0.12 

4-0.08 

4-0.32 

+ 0.12 

ELade 

No .4 

Stagger angle = -15° 

t/L = 

3. 0/4.0 


Reference velocity = 39.4 m, 

./sec. oc = 

0.707 

1 

0.1 

-0.662 

-1.402 

4-0,000 

+0,148 

2 

0.2 

-1,162 

-1.112 

4-0,069 

+0.168 

3 

0.3 

-1.202 

-0.730 

4-0*1 64 

+0,188 

4 

0.4 

-0.890 

-0,520 

4-0.199 

+0.190 

5 

0.5 

-0.745 

-0.372 

4-0.200 

+0*212 

6 , 

0,6 

-0.542 

-0.299 

4-0.268 

+0,220 

7 

0*7 

-0.670 

-0,280 

+ 0,380 

+0.242 

8 

0.8 

-0.340 

-0.275 

+0,342 

+0.380 

9 

0.9 

4-0.055 

-0,040 

+0,294 

+0,305 

10 

1,0 

4-0,212 

4-0.175 

+0.249 

+0.264 




TAi^lIS 5 aM) 6 


BL^ JDE N0«1 
(See Appendix 'C') 


Stagger = 

= +0° 

a = 0.63^ 

t/L = 

2. 5/4.0 




Reference 

Velocity = 

= 40.75 m., 

/ sec . 

s.No. y. 

Chord 

Suction Surface 

Pressure Surface 

C 

pTII 

%EXP 


^pEZP 

1 

0.1 

- 1.700 

-1 .449 

-0.015 

+ 0.032 

2 

0,2 

-2.482 

-1.512 

+0.375 

+0.119 

3 

0.2 

-2.299 

-2.015 

+0.606 

+0.382 

4 

0.4 

-1 .''i-65 

-2.002 

+0.392 

+0.543 

5 

0.5 

-1.312 

-1.812 

+0.439 

+0.512 

6 

0.6 

-1.155 

-1.312 

+0.512 

j 0.485 

7 

0.7 

-1.025 

-0.835 

+0.349 

+0.252 

8 

0.8 

-0.889 

-0.410 

+0.331 

+0.191 

9 

0.9 

-0.635 

-0.202 

+0.242 

+0.01 6 

10 

1 .0 

-0.015 

-0.210 

-0.001 

-0.092 

Stagger 

5° 

a = 0.675 

blade RO.1 (See 
' t/L = 2. 5/4.0 

Appendix *C*' 



Reference Yelociiy 

= 39.66 m 

./ sec. 

1 

0.1 

-0.758 

-1.664 

+ 0.371 

+0.492 

2 

0.2 

-0.694 

-1.588 

+0.275 

+0.587 

3 

0.3 

-0.539 

-1.151 

+ 0.287 

+0.612 

4 

0.4 

-0.482 

-1.562 

+0.348 

+0,704 

5 

0.5 

-0.365 

-1.382 

+0.356 

+0 .7 26 

6 

0.6 

-0.292 

-1.302 

+0.407 

+0,674 

7 

0.7 

-0,262 

-1.151 

+0.321 

+0.587 

8 

0.8 

-0.204 

-0. 621 

+0.233 

+0.510 

9 

0.9 

-0.142 

-0.362 

+0.039 

♦0.334 

10 

1 .0 

-0.222 

-0.350 

-0.166 

-0.009 
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TABLES 7 Airo 8 
BLiJ DS No, 2 
(See Appendix 'C*) 

Stagger =0° a = 0,73!5 t/L = 2.5/4.0 

Reference Velocity = 41.35 m./sec. 


S.No. ■ 

chord 

Suction Surface Pressure 

Surface 

^pTH 

Sexp 

^pTH 

Sesp 

1 

0.1 

-2.645 

-2.655 

-0.282 

+ 0.132 

2 

0.2 

-2.822 

-2.945 

-0.018 

+0.718 

3 

0.3 

-1.645 

-1.749 

+0.458 

+0.735 

4 

0.4 

-1.605 

-1.652 

+0.362 

+0.697 

5 

0.5 

-0.892 

-0. 902 

+0.245 

+0.354 

6 

0.6 

- 0.702 

-0.682 

+ 0.149 

+0.308 

7 

0.7 

-0.022 

- 0.575 

+0.155 

+ 0. 1 68 

8 

0.8 

-0.735 

- 0.415 

+ 0.078 

+ 0.109 

9 

0.9 

-0.652 

-0.382 

+ 0.030 

-0.021 

10 

1.0 

-0.365 

-0.3 68 

-0.160 

-0.161 

Stagger 

BLADE Bo. 

= +5° a = 0.735 t/L = 

Reference Velocity = 40 

__2 (See Appendix *0 

2. 5/4.0 
,77 m./sec. 

*) 

1 

0.1 

-0.815 

-1 .898 

+ 0.207 

+ 0.141 

2 

0.2 

-1.619 

-1.720 

+0,439 

+0.251 

3 

0.3 

-1 .382 

-1.602 

+0.471 

+0.451 

4 

0.4 

-0.972 

- 1.401 

+0.457 

+ 0,552 

5 

0.5 

- 0.905 

-0.876 

+0.372 

+ 0.529 

6 

0.6 

-0.815 

-0.762 

+0,271 

+ 0.451 

7 

0.7 

- 0.412 

-0.771 

+0.246 

+0.309 

8 

0.8 

-0.419 

-0,519 

+0.187 

10.269 

9 

0.9 

-0.065 

-0.520 

+ 0.1 64 

+0.232 

10 

1.0 

-0.021 

-0.535 

+ 0.077 

+ 0.109 



42 


TABLES 9 MD 10 

BLADE No, 3 
(See App endix • G ’ ) 

Stagger =0^ a = 0.752 t/L = 2. 5/4.0 

Reference Velocity = -11.40 m./sec. 


S.No. 

% 

Suction 

•n 

pTH 

Surface 
" — ^ 

pEXB 

Pressure 

^pTH 

Sur fac 0 
^pBXP 

1 

0.1 

-2.725 

-2.355 

-0.175 

+0.272 

2 

0.2 

-3.062 

-2.331 

+0.462 

+0. 636 

3 

0.3 

•2^065 

-2.585 

+ 0.442 

+0.646 

4 

0.4 

-1.399 

-2.262 

+0.505 

+0.665 

5 

0.5 

-no89 

-ni46 

+0.526 

4'0» 54 6 

6 

0.6 

-04733 

-1.001 

+0.437 

+0.515 

7 

0.7 

-0.882 

-0.619 

+0.258 

+0.389 

8 

0.8 

-0.842 

-0.285 

+0.212 

+0.250 

9 

0.9 

-0.342 

-0.316 

+0.112 

+0,092 

10 

1.0 

-0.099 

-0.272 

+0.082 

-0.139 



BLiDE NO. 3 

(See Appendix *C?) 


Stagger 

= 5° 

a = 0.736 

t/L = 

2. 5/4.0 




Reference Velocity 

■ = 41 .40 m./sec. 


1 

0.1 

-1.404 

-2.406 

+0,021 

+0.722 

2 

0.2 

-1.299 

-2.455 

+0.162 

+0.731 

3 

0.3 

-0.475 

-2.498 

+0.502 

+0.788 

4 

0.4 

-0.565 

-1.199 

+0.412 

+0.711 

5 

0.5 

-0.439 

-1.024 

+0,448 

+0,564 

6 

0,6 

-0.369 

-0.052 

+ 0 » 449 

+0.427 

7 

0.7 

-0.374 

-0.041 

+0.519 

+0.385 

8 

0.8 

-0.299 

-0.152 

+0.346 

+ 0 . 29 6 

9 

0.9 

-0.260 

-0.161 

+0.308 

+0.164 

10 

1.0 

-0.198 

-0.142 

+0.453 

+0,089 
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B L.C.DE N0.1 
(See App endix ’ G ’ ) 


Stagger = + 0^ a = 0,715 ■fc/L = 3*0/4»0 

Reference Velocity = 40,34 m./sec. 


S.Ro. •/ 

, chord 

Suction Surface 

Pressure 

Surf ac e 


°pTH 

^pEXLP 


^pEXP 

1 

0.1 

-1.901 

-1.685 

+0.321 

+0.061 

2 

0,2 

-2.845 

-1.772 

+0.444 

+ 0,142 

3 

0.3 

-2.745 

-2.298 

+0.715 

+0.421 

4 

0.4 

-1.710 

-2.205 

4 0.474 

+0.584 

5 

0.5 

-1.260 

-2.075 

+0.568 

+0.552 

6 

0,6 

-1 .455 

-1.572 

+0.652 

+0,521 

7 

0.7 

-1.052 

-1.105 

+0.497 

+ 0.472 

8 

0.8 

-0.942 

-0.741 


•h 0 *4* 1 7 

9 

0.9 

-0.619 

-0,781 

+0.429 

+0.252 

10 

1.0 

+0.051 

-0.740 

+0.189 

+0.101 



HO. 1 

(See Appendix *C’) 


St agger 

cO 

= + 5 

a = 

0.705 

t/L = 3. 0/4.0 




Reference Velocity 

= 39.29 m./sec. 


1 

0.1 

-0.785 

-1 .914 

+ 0.358 

+0.539 

2 

0.2 

-1.452 

-1.845 

+0,209 

+0.635 

3 

0.3 

-2.098 

-1 .752 

+0.292 

+0.655 

4 

0.4 

1 

• 

o 

-1.020 

+0.391 

+0.753 

5 

0.5 

-0.579 

-1.635 

+0.429 

+0.774 

6 

0.6 

-0.490 

-1.540 

+0.394 

+0,720 

7 

0.7 

-0.342 

-1.261 

+ 0. 142 

+0.635 

8 

0.8 

-0.286 

-0.942 

+0.069 

+0.445 

9 

0.9 

-0.219 

-0.902 

-0.027 

+0.332 

10 

1.0 

-0.150 

-0.825 

-0.046 

+ 0,092 
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AiiD^14 
blade m ,2 
(see Appendix *0* ) 


Stagger 

= 0° 

a = 0.751 

t/l = 

3. 0/4.0 



Rei’er 

ence Velocity = ‘|0,73 

m./sec. 


S.No. 

% chord 

___ S 1 let ion Surfac e ^ 

Pressure Surf ac e. _ 

0 

pi L 

Sexp 

%TE 

%EXP 

1 

0.1 

-2.301 

-2.649 

-0.102 

+0,482 

2 

0.2 

-2.562 

-2.589 

+0.555 

+ 0,687 

3 

0.3 

-3.1‘16 

-2.862 

+0.531 

+0.696 

4 

0./, 

-1.602 

-2.549 

+0.482 

+ 0.765 

5 

0.5 

-1.335 

-1.800 

+0.482 

+0.596 

6 

0,6 

-0.075 

-1.225 

+ 0 .440 

+0.566 

7 

0.7 

-0.611 

-0.768 

+ 0,442 

+0.482 

8 

0.8 

-0.743 

-0.385 

+ 0,418 

+ 0.355 

9 

0.9 

-0.52/1 

-0.342 

+ 0,098 

+ 0.242 

10 

1.0 

-0.22 ! 

-0.378 

+ 0.071 

+ 0.096 

Stagger 


a = 0,750 

t/L = 

3. 0/4.0 



Referencu Velocity = 40.45 m./sec. 


0.1 

1 

C 

- 2.150 

+0.331 

+0, 1 68 

0.2 

-1./,05 

-1.962 

+0.198 

+0.281 

0.3 

- 2.152 

-2.742 

+0.274 

+ 0.482 

0.4 

-1.005 

-2.062 

+0.358 

+0,585 

0.5 

-0. ''1-85 

-1.851 

+0.348 

+0.565 

0.6 

-0./;63 

- 1.109 

+0.330 

+0.482 

0.7 

-0.385 

- 0,709 

+0,186 

+ 0.446 

0.8 

- 0.329 

-0.545 

+0,121 

+ 0.342 

0.9 

-0,239 

- 0,550 

+ 0.074 

+0.195 

1,0 

- 0,059 

-0,525 

+0,01 6 

+ 0.059 


8 

9 

10 
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T^LES, 1 5 , 

0IlEI)_No.2. 

(S 00 Appendix > 0 ’ ) 

Stagger <= +0^ ^ ~ 0*7 <^5 "b/L = 3*0/4«0 




Reference) 7 

oloeity = 41.36 

m*/sec. 



. % 

Sue bio 

■1 Surface 

Pressure 

Surf ac e 

S.No 

^pEB 

pEXP 

^pSH 

^pEXP 

1 

0.1 

-3.361 

-1.701 

+ 0.071 

-0.166 

2 

0.2 

-3.725 

-2.725 

+0.545 

-0.046 

3 

0.3 

-2.505 

-2.730 

+0.498 

+0.051 

4 

0.4 

-1.690 

-1.415 

+ 0.458 

+0.159 

5 

0.5 

-1.291 

-1.199 

+ 0.678 

+0.297 

6 

0.6 

-0.821 

-1.062 

+0,554 

+ 0.308 

7 

0.7 

-1.021 

-1.001 

+0.372 

+0.258 

8 

0.8 

-0.965 

-0.541 

+ 0.432 

+0.179 

9 

0.9 

-0.385 

-C.482 

+0,2^1 

+ 0.148 

10 

1.0 

-0.089 

-0.479 

+0./136 

+0.072 

S"ti ci. 

gger = 


blade Ho .3 

(See Appendix *0*) 


a = 0.746 t/L=3.0/4.0 

Reference Velocity = 40*98 m./sec; 


1 

0.1 

-2.155 

-2.655 

+0.034 

+0.562 

2 

0.2 

-1.940 

-2.743 

+0.114 

+0.764 

3 

0.3 

-0.719 

-2.845 

+0.212 

+0.774 

4 

0.4 

-0.682 

-1 .440 

+0.349 

+0.838 

5 

0.-5 

-0.S2C 

-1.245 

+0.492 

+0.755 

6 

0.6 

-0.512 

-0.731 

+0. 484 

+0,605 

7 

0.7 

-0,601 

-0.563 

+0,-438 

+0.465 

8 

0,8 

-0.705 

-0.515 

+0.359 

+0.'341 

9 

0.9 

-1.198 

-0.389 

+0.308 

+0.-192 

10 

1.8 

-0.384 

-0.398 

+0.132 

+0.081 
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TABLES 17 AND 18 
BLAD E NO, 4 
(See Appendix 'O') 


Stagger angle = 0° t/L = 2. 5/4.0 



Reference 

velocity = 

39.614 m./sec . 

a = 0.516 


s. 

No. ,, chord Suction 

surf ac e 

Pressure 

surface 


/• 

Vh, 

%EXP. 

^pTH. 

%EXP. 

1 

0.1 

-0. 664 

-0.614 

-0.132 

-0,231 

2 

0.2 

-1.158 

-0.962 

+ 0,086 

+ 0.202 

3 

0.3 

-1.062 

-0.804 

+ 0.133 

+ 0.204 

4 

0,^ 

-0.602 

-0.428 

+ 0,172 

+ 0.252 

5 

0.5 

-0.604 

-0.371 

+ 0.144 

+ 0.241 

6 

0.6 

-0./,73 

- 0.304 

+ 0.146 

+ 0.235 

7 

0.7 

-0.^21 

-0.182 

+ 0.104 

+ 0.103 

8 

0.8 

-0.375 

-0.124 

+ 0,002 

+ 0.001 

9 

^.9 

-0.024 

+0.136 

- 0.103 

- 0,076 

10 

1.0 

+0,086 

+0.104 

- 0,018 

— 0 « 04 2 


Stagger angle = ~5° “ 2. 5/4.0 

Reference velocity = 40,032 m./sec. a = 0,517 


0.1 -0.721 -0.582 - 0.452 - 0.455 
0.2 -1.214 -0.918 + 0.028 - 0.102 
0.3 -1.308 -1.049 + 0.069 ~ 0.024 
0.4 -0.589 -0.424 + 0.184 + 0.218 
0.5 -0.536 -0.358 + 0.309 + 0.269 
0,6 -0.468 -0.379 + 0.424 + 0.379 
0.7 -0.412 -0,392 + 0.308 + 0.328 
0.8 -0.243 -0,184 + 0.079 + 0.042 
0,9 -0,209 -0,152 + 0,012 + 0.014 

-0.031 - 0.015 + 0.012 


1 

2 

3 

4 

5 

6 

7 

8 
9 


jr\ 


-4 A 
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TABLES 19 AITD 20 
BLALE NO. 4 

Stagger = 0° t/L = 3.0/1-,0 

Reference velocity = 39»604 m,/sec. a = 0,517 


S.No. 

y, chord 

Suction 

surf ac e 


Pressure 

surf ac e 

Sth. 

Sexp. 


% TE . 

Sexp. 

1 

0.1 

-0.782 

-1 ,214 


-0.012 

+0,085 

2 

0.2 

-1.442 

-1.345 


+0,122 

+0.205 

3 

0.3 

-1.300 

-1.155 


+0.151 

+0.139 

4 

0.^1 

-0.730 

-0.652 


+ 0,228 

+0.205 

5 

0.5 

-0.680 

-0.530 


+ 0.235 

+0.242 

6 

0,6 

—0 . 4 60 

-0.350 


+0.208 

+0.169 

7 

0.7 

-0.326 

-0.284 


+0,110 

+0,090 

8 

0.8 

o 

• 

o 

1 

-0,102 


+0.062 

+0,025 

9 

0.9 

+0.058 

+0.062 


-0,102 

-0.062 

10 

",0 

+0.085 

+0.085 


-0.044 

+0.016 


Stagger = 

-5° 

t/1 = 

3.0/4. 

0 



Reference velocity = 

= 40.021 

m,/sec 

. a = 0.620 

1 

0.1 

-0,872 

-1.102 


-0.420 

-0.382 

2 

0.2 

-1.452 

-1.355 


+0.010 

+0.120 

3 

0.3 

-1 . 624 

-1.290 


4-0*340 

+0.345 

4 

0,4 

-0.745 

-0,620 


+0.429 

+0.452 

5 

0,5 

-0.642 

-0.579 


+0.455 

+0.494 

6 

0.6 

-0,620 

-0.395 


+0.505 

+0.584 

7 

0.7 

-0.569 

-0.380 


+0.309 

H 0.392 

8 

0.8 

-0.382 

-0.164 


+0.110 

+0.232 

9 

0,9 

-0.292 

-0.202 


-0.010 

+0,088 

10 

1.0 

-0.379 

+0.042 


-0.058 

+0,101 
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TABLE 21 


S.No* Blade t/1 Suc'tion Pressure Profile Total 

Surface Surface LoGSg,|jo eft .loss Co el 


1 

2 

0° 

2. 5/1.0 

43.26 

7.14 

0.1083 

0.2142 

2 

2 

+5° 

2.5/4.f 

33.13 

7.44 

0.1029 

0.2092 

3 

2 

0° 

3.o/4.r 

33.17 

6.38 

0.0965 

0.2208 

4 

2 

+ 5° 

3.0/4.C 

35.60 

9.31 

0.1103 

0.2125 

5 

3 

0° 

2. 5/4.0 

34.59 

9.57 

0.1015 

0,2225 

6 

3 

+5° 

2.5/4. t 

38.96 

8,41 

0.1000 

0.2082 

7 

j 

0° 

3.0//1.0 

33.01 

6*75 

0.0924 

0.2322 

8 

3 

+ 5° 

3.0/4.C 

40.71 

5.51 

0,0969 

0,2192 

9 

1 

0° 

3.0/-1,0 

27.80 

4.65 

0.1011 

0.2148 

10 

1 


3. 0/^1 .0 

38.09 

5.53 

0.0971 

0.2084 

11 

4 

-15° 

3. 0/1.0 

41.52 

8.73 

0.0386 

0.0780 
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I'ABLE 22 


u 

3. 

Blade 

No. 

t/1 

1 

1 



Suet ion" 

Surf occ 

'ii. 

Pres- 

Dsure 

Surf" 

ace 

tion 

Sur- 

face 

Pre- 

ssure 

Sur- 

face 

Profile Total 

loss loss 

Co eft. Go eft. 

2 

4 

-0° 

2. 5/4.0 

22.2 . 

4.99 

18.16 

4.02 

0,0240 

0.0210 

0.0531 

5 

4 

-5° 

2. 5/4.0 

21.93 

5.11 

21,65 

4.20 

0.0258 

0.0228 

0.03 07 


4 

0° 

3. 0/4.0 

2^1.2- 1 

7.07 

23.52 

4.26 

0,0244 

0.0228 

0,0/| 6'i 

5 

4 

-5° 

3. 0/4.0 

25.93 

7.07 

25.77 

4.13 

0.0265 

0.0236 

0.051 

16 

1 

0° 

2. 5/4.0 

3 6.27 

7.26 

46,34 

13.29 

0.0633 

0.0867 

0.202 

17 

1 

+5° 

2. 5/4.0 

50,37 

5.76 

41.25 

13.29 

0,0646 

0.0970 0.190 

18 

1 

+ 15° 

3. 0/4.0 

29.65 

3.47 

26.15 

9.62 

0.0974 

0,1021 

0,1656 

19 

2 

+ 15° 

3. 0/4.0 

57.02 

7.01 

37.34 

11.87 

0.0829 

0.0927 

0,176^, 

20 

3 

+ 15° 

3. 0/4.0 

46.10 

7.23 

41.25 

13.29 

0.0956 

0.0976 

0.1812 
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